Multiple oral complaints develop following high-dose chemo/radiotherapy and hematopoietic cell transplantation (HCT) which can influence quality of life. The purpose of this investigation was to assess quality of life, oral function, taste and smell in a cohort of patients following HCT. A general quality of life survey (the European Organization for Research and Treatment of Cancer (EORTC)) Quality of Life (QOL) questionnaire (QLQ-C30), with an added oral symptom and function scale and assessment of taste and smell was administered to a consecutive series of patients at day 90-100 post HCT. General QOL was impacted by fatigue, affecting physical, social emotional and cognitive function. While oral function scales appeared to be little affected at day 90-100 post HCT, abnormalities of taste were reported. Reports of changes in taste and smell appeared to parallel each other and changes remained at the time of the survey post-HCT. Change in taste appeared to be closely associated with dry mouth. Patients appeared to have difficulty in differentiating sour and bitter, which had been more affected than salt and sweet taste. Females appeared to report greater changes in taste than males. Increased smell sensitivity and taste change resulted in changes in food preparation in some cases, as did reported increase in sensitivity to sour and bitter taste. Acute complications are well known to affect QOL during the early period following HCT, but little assessment of long-term changes in oral QOL and taste has been conducted following transplant. The EORTC QLQ C-30 questionnaire with the oral addendum provides a measure of the quality of life and oral function, and may provide useful outcome measures for assessment of oral care prevention and management in HCT patients.
Quality of life (QOL) following treatment of malignant disease is an area of increasing interest. Good QOL is a state of physical, psychological and social well-being, in which the individual is able to perform everyday activities and reports satisfaction with daily function. 1 QOL acute oral complications of hematopoietic cell transplant (HCT) include: painful mucositis, dry mouth, altered or reduced taste and oral infections that may lead to the need for antimicrobial medication, parenteral analgesics, tube feeding or total parenteral nutrition, all of which may negatively impact quality of life, prolong hospitalization, and increase the cost of care. 2 Oral mucositis has been rated by patients as the single most debilitating complication of HCT. 3 Chronic complications following HCT that may involve the oral cavity include graft-versus-host disease (GVHD) , that may result in mucosal damage causing pain, dry mouth, prolonged risk of oral infection, increased risk of dental cavities, and cause limitation of oral function including mastication, swallowing and speech. Despite the continuing and considerable impact of HCT on QOL, only a limited number of studies have assessed QOL following treatment. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The findings of these studies are varied and general satisfaction with life was seen in some studies following HCT, 9 while negative impacts 4, 7, 13 or mixed impact 6, 10, 11, 14 upon QOL are also reported. While overall QOL following HCT has been assessed in most of the reports to date, little is known about the quality of oral function and taste and olfaction following HCT. Even in the studies that have addressed oral complications, oral function, taste and smell have not been the focus of the investigation. [15] [16] [17] [18] [19] The perception of flavor involves olfactory, tactile and thermal sensations as well as taste. 20, 21 Somatosensory stimuli, taste and smell are tightly integrated with eating and may be difficult to appreciate as separate senses. When damaged, the peripheral structures for taste can regenerate; the average life of a taste receptor is 10 days but can extend to a month or longer. 21 Olfactory neurons are also capable of regeneration; however, the degree of regeneration depends upon the severity of damage. 21 Patients undergoing radiation and/or chemotherapy may experience reduced taste (ageusia) or altered taste (dysgeusia), which may have a significant impact on QOL. Patients undergoing HCT may suffer significant weight loss due to decreased food intake, decreased nutrient absorption and increased metabolic demand. In one study, 45% of hospitalized adult patients lost 10% of their body weight and 25% lost 20% or more of their body weight. 22 Causes of decreased food intake may include: lack of desire for food induced by nausea and altered taste or smell, oropharyngeal mucositis causing pain, dysphagia due to cancer or cancer treatment and/or hyposalivation, and decreased interest in food associated with depression. It may be difficult for patients to resume eating when suffering from nausea, dry mouth, reduced or altered taste and smell, and dysphagia following cancer treatment.
There has been limited study of taste changes in the patient undergoing radiation therapy, chemotherapy and those receiving HCT. [15] [16] [17] [18] [19] 23 Chemotherapeutic drugs that have been associated with taste changes include: cisplatin, carboplatin, cyclophosphamide, doxorubicin, 5-fluorouracil, levamisole, and methotrexate. 24 Chemotherapy which targets rapidly dividing cancer cells may also affect other rapidly dividing cells in the body (eg mucosal cells lining the gut) and since taste and olfactory receptors rapidly proliferate (every 10 and 30 days, respectively) they may also be affected. 24 Taste changes following chemotherapy were assessed by questionnaire in 284 adults, were frequently reported in patients who had a dry mouth, and were often associated with nausea and vomiting. 25 Chemotherapy may have an immediate effect on taste and some patients complain of a bitter taste during the administration of the drug and these changes may continue for weeks or months. For example, 77% of patients treated with cisplatin experienced a metallic taste, which lasted for a few hours to 3 weeks. 24 A variety of drugs pass into saliva, which may be tasted or smelled in the oropharynx or nasal cavity or by a venous taste phenomenon where a drug diffuses from the blood to the taste receptors. 26 Other sources of bad taste and smell during cancer therapy include: dental disease, poor oral hygiene, bacterial, viral or fungal infections of the oral/nasal cavity, postnasal drip, gastroesophageal reflux, volatile compounds in exhaled air and oral bleeding. 26 Taste has been the subject of a limited number of transplant studies with the threshold for salt altered in these reports. 15, 17, 23 Dietary management may include increase in the concentration of flavor ingredients to compensate for sensory loss. 18 Patients undergoing chemotherapy may also report dysosmia, which may occur as a result of the drugs diffusing from the nasal capillaries to the olfactory receptors or by orthonasal olfaction. 26 Some patients undergoing chemotherapy appear to have a heightened sensitivity to odors and may become nauseated when presented with certain odors. Olfactory hallucinations may also occur in individuals who are subjected to intensely emotional experiences, such as undergoing chemotherapy and they may recall a chemical odor just by thinking about the therapy. 26 Radiation therapy may impact chemosensory function. Twenty-six patients receiving head and neck irradiation were assessed for taste loss and xerostomia, by questionnaire and threshold taste testing. 16 Taste loss was related to the portion of the tongue in the radiated field, but no relationship between the recovery of taste and saliva function was identified. 16 Olfactory loss may result from the direct toxic effects of radiation therapy and resolution may take more than 6 months. 21, 26, 27 During a course of radical radiation therapy for head and neck cancer, salivary function decreased after the first week and taste function was impaired by the second week of treatment. 27 Considerable change in taste occurs during radiation therapy and return to pretreatment taste sensation may not occur. [28] [29] [30] The etiology of taste disorders are likely multifactorial in patients receiving HCT. 24 Agents such as tamoxifen that effect hormonal changes may also affect taste. 21 Hyposalivation during cancer therapy, mouth breathing and sideeffects of a number of medications including antiemetics, antidepressants and antihypertensives may lead to taste changes. 24 Damage to salivary glands may reduce saliva preventing tastants from entering solution. 26 Shifts in the oral flora, such as overgrowth of fungi, 30 may affect taste. Some reports in the literature link hypogeusia and zinc deficiency, [31] [32] [33] [34] and some drugs that cause hypogeusia possess a sulfhydryl group which may bind to zinc. Despite this, zinc supplementation studies present conflicting results. 33, 34 When patients say that food does not taste good, they may not be referring to sensory alteration, but may be referring to a hedonic change where food tastes as it always did but is no longer pleasant. 21 Because of the limited study of taste and smell in HCT to date, and the known impacts on QOL, we assessed the quality of life, oral symptoms, taste and smell in a cohort of patients following HCT.
Materials and methods

Patient characteristics
The survey was completed by 50 patients treated between July 1999 and July 2000. Equal numbers of males and females with a mean age of 39.5 Ϯ 8.7 years participated. The medical diagnoses leading to transplant were: acute myelogenous leukemia (AML) in 14; myelodysplastic syndrome (MDS) in 6; chronic myelogenous leukemia (CML) in 10; acute lymphoblastic leukemia (ALL) in 6; lymphoproliferative disease in 7 (chronic lymphocytic leukemia 1; lymphoma in 6 (diffuse small cleaved cell 5; diffuse large cell 1)), multiple myeloma (MM) in 5; and severe aplastic anemia (AA) in 2 patients. All patients had received allogeneic (allo) transplantation, with related donors in 39 (2 of whom received peripheral stem cell transplants) and 11 unrelated donors. Transplant conditioning included total body irradiation in 31 patients. At the time of completing the survey (day 90-100 post-transplant), the patients median WBC (all ϫ 10 
Supportive care
Patients were treated in a high-efficiency particulate air (HEPA)-filtered, positive pressure, Leukemia and Bone Marrow Transplantation Unit. Low bacterial content food and Hickman catheters were used routinely. Empiric intravenous antibiotics, amphotericin B, acyclovir, CMVnegative blood products, ganciclovir and total parenteral nutrition were given as required. All patients received antifungal prophylaxis with intravenous amphotericin B (10 mg/m 2 /day), and chlorhexidine mouth rinse (0.12%) and normal saline rinses as tolerated. Oral mucositis related discomfort was managed with oral benzydamine rinse (Tantum; 3M, Canada) and patient-controlled narcotic analgesics with morphine or hydromorphone.
Questionnaire QOL was assessed in 50 consecutive patients at day 90-100 post transplant. A previously developed questionnaire based upon the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life (QLQ-C30) questionnaire with an addendum developed to assess oral symptoms and function was provided to the patients. 35, 36 A taste/smell addendum was added to this questionnaire. All patients completed the standard institutional approved consent form.
The QLQ-C30 was assessed according to published criteria that combine responses to questions into domains of physical, emotional, cognitive and social function, global health, nausea and vomiting and pain. 37 The 18 items comprising the oral symptom and function scale were grouped into four domains as previously described:
35 F1 included items pertaining to face and mouth pain; F2 included items pertaining specifically to tooth pain; F3 included items pertaining to mouth function, such as chewing and swallowing without reference to pain; and F4 included items pertaining to changes following cancer therapy.
Taste items were designed to detect reported changes of intensity, either increase or decrease of taste in general and specifically with respect to the taste of salt, sweet, sour and bitter. The taste and smell items were rated on a scale from 1 to 4, with 1 representing 'Not at all', 2 'A little', 3 'Quite a bit', and 4 'Very much'. Two items were also included to measure changes in smell intensity. The correlation structure of the taste and smell items was analyzed. Changes in symptoms were assessed using Wilcoxon signed ranks tests and Pearson correlation coefficients were calculated to compare the relations between various factors and the global and oral function scales. 38 
Results
The results of the QLQ C30 survey with oral addendum are shown in Table 1 , as analyzed by the domains of physical, emotional, cognitive and social function, global health, nausea and vomiting and pain. The distribution of responses to the taste and smell items are shown in Table 2 . The 18 items comprising the oral symptom and function scale were grouped into four domains ( (F1), dental pain (F2), oral function (including chewing, swallowing, and speech) (F3) and items pertaining to oral changes following treatment (F4).
There was not a great deal of change in taste or smell reported at day 90-100 (Table 4 ). The most change was reported for an overall decrease in taste, although the reported decrease in taste was not significantly different from the reported increase in taste (P = 0.4). No differences in taste change were seen when assessing current use of immunosuppressive medications.
The correlational structure of the components of taste and smell is presented in Table 5a and b. The relatively high correlations in the upper left corner suggests that reported increases (or not) tend to occur in all components in the same manner. Similarly the high correlations in the bottom right corner suggest that decreases in taste also tend to go together within individuals. The individual taste components were combined into two scales representing stronger and weaker taste, and the resulting scales were correlated with the general taste and smell increase and decrease items (Table 5b) . Increases in taste and smell overall, as well as increases in taste components tend to go together as evidenced by the positive correlations, significant at the 0.005 level. Corresponding decreases do not show such a clear pattern, probably because of the lack of reported decreases.
Mouth pain was reported to be associated with emotional function (Ϫ0.367, P Ͻ 0.01), and cognitive function (Ϫ0.358, P Ͻ 0.05). Overall change in taste and reduced taste were reported to have no significant association with function or QOL. Constant taste change either stronger (Ϫ0.372, P Ͻ 0.05) or weaker (Ϫ0.405, P Ͻ 0.05) was associated with physical function, as was stronger taste with social function (Ϫ0.324, P Ͻ 0.05), although no significant effect was reported on overall QOL. Changes in sour taste were reported to be associated with physical function (weaker sour taste Ϫ0.308, P Ͻ 0.05; stronger sour taste Ϫ0.355, P Ͻ 0.05). Increase in smell sensitivity was associated with physical function (Ϫ0.331, P Ͻ 0.05).
Factor analysis using a varimax rotated component matrix analysis was conducted on the taste/smell addendum (Table 6) , which revealed a possible three-factor solution, sorting into strong, weak and change in taste or smell and the four-factor solution split increase or decrease in taste and smell. This suggests the combination of factors that may be combined in future analyses. Change in smell was less often reported and less dramatically changed, but appeared to parallel the change in taste sensitivity. In the survey, patients appeared to have some difficulty differentiating sour and bitter, resulting in increased missing responses by patients. Sour and bitter appeared to be more changed than other tastes. Females Table 5 Pearson correlations coefficients of taste items and change in intensity of taste and olfaction Correlations were seen between reported overall taste change and decreased taste sensitivity (0.654, P Ͻ 0.01), although increased taste (0.490, P Ͻ 0.01), increased bitter taste (0.444, P Ͻ 0.01) and sour (0.415, P Ͻ 0.01) was seen in some cases. Taste change was reported continuously (0.454, P Ͻ 0.01), and after eating (0.490, P Ͻ 0.01).
Salt
Bone Marrow Transplantation
Change in smell correlated with change in taste (0.388, P Ͻ 0.01). Report of dry mouth correlated with change in taste (0.425, P Ͻ 0.01). Reduced taste sensitivity correlated with reduced sensitivity to sweet (0.702, P Ͻ 0.01), sour (0.641, P Ͻ 0.01), bitter (0.647, P Ͻ 0.01) and bitter correlated with sour taste (0.801, P Ͻ 0.01). Reported change in smell was correlated with increased smell (0.990, P Ͻ 0.01), and change in food preparation (0.513, P Ͻ 0.01). Change in food preparation correlated with stronger taste sensitivity (0.472, P Ͻ 0.01), increased sour (0.467, P Ͻ 0.01), increased bitter (0.513, P Ͻ 0.01) and change in smell (0.513, P Ͻ 0.01). Report of dry mouth was correlated with report of change in oral function (0.681, P Ͻ 0.01).
Discussion
QOL in HCT is increasingly recognized as an important outcome of transplant. 8 Despite this, few studies have assessed QOL following treatment. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] General satisfaction with life has been shown in studies following HCT, 9 while negative impacts 4, 7, 13 or a mixed impact 6,10,11,14 upon QOL have been reported. QOL was assessed in 56 HCT patients, comparing physical, emotional and social function in the first year posttransplant (n = 15) and more than 1 year post-transplant (n = 41), using the Functional Assessment of Cancer Therapy (FACT-BMT) and the EORTC QLQ-30. 4 Reduced QOL was seen in the first year post-transplant in physical and emotional well-being and associated with loss of appetite, fatigue, pain, dyspnea and nausea and vomiting. QOL was assessed in 98 3-year survivors of HCT by interview and compared to 58 healthy controls. 6 It was found that HCT patients placed increased emphasis on QOL and reported fewer problems with interpersonal relationships, sleep, depression and leisure possibilities. Another study assessed HCT patients at baseline (n = 68), at discharge from hospital, 100 days and 1 year post-HCT (n = 45) using a number of scales and an interview questionnaire. 11 Recovery in QOL occurred over time, although approximately 20% reported psychologic distress at 1 year. QOL was worse at discharge than at day 100; however, fatigue persisted even if overall QOL improved and concerns increased over time.
11 Physical and psychosocial function in patients following autologous transplants was assessed in 20 patients before and in 14 survivors between 2 and 6 months and 8 to 12 months post transplant using the EORTC-QLQ-C30, and other scales. 13 The most significant deficits were impaired social function, fatigue, dyspnea, financial problems, emotional distress and functional limitations which improved over follow-up. 13 QOL has been shown to improve over time in 244 HCT patients followed a median of 61 months post-transplant.
14 Factors associated with poor QOL were age at HCT (Ͼ25 years; P Ͻ 0.01), and presence of chronic GVHD (P Ͻ 0.05). One-third of patients reported poor QOL, and less favorable QOL was reported with advanced age, female gender and in patients with GVHD.
14 Twelve percent reported good QOL after 5 years, but 38% reported a poor QOL, although improvement continued beyond 5 years. Females fare less well than males in sexual and psychological domains (P Ͻ 0.01).
14 In another study, QOL in 28 long-term survivors of marrow transplant 7 was assessed, and the following concerns were identified: psychologic and physical health, being independent, family and personal relationships, work, happiness and having support. 7 Adverse memories of the transplant, dependency on others, and health concerns about the future were reported. 7 Difficulties in coping were identified with regards to post-transplant symptomology, relationships, life, work and infertility.
Approximately, 25% of patients reported a positive impact 6, 10, 11, 14 of the HCT on their life. The main concerns of patients following HCT were related to health status, finances, infertility and returning to a normal life. Longterm survivors (Ͼ2 years) of patients with AA following transplant were assessed and QOL was described as excellent or with mild impacts, and patients had returned to a fully functioning life. 9 Most studies show continuing negative effects of cancer or treatment, and sexual function and psychological well-being.
In our prior study in head and neck radiation patients, the 18 items comprising the oral symptom and function scale were subjected to principal components factor analysis followed by varimax rotation to identify underlying dimensions, and four reliable and non-redundant dimensions of oral function were found. 28 The factors identified were mouth and face pain, dental pain, mouth function (not directly related to pain) and speech and overall oral function, based on eigenvalue and interpretability criteria and Cronbach's alpha reliability coefficients. This questionnaire was used in a subsequent study which showed that the EORTC QLQ-C30 with oral addendum was responsive to change throughout treatment and follow-up. 29 The mean global QOL scale worsened during treatment, improved after 6 months, and did not return to pretreatment levels. Mood complaints and effect upon social activity was reported by approximately half of the patients. 29 Following radiation treatment all four oral scales were affected similarly: facial and oral pain, dental pain, mouth function and changes in oral QOL. The oral scales demonstrated the greatest changes throughout treatment and the pain scales showed a greater tendency to return to pretreatment levels. Most severe oral pain was present at the end of radiation therapy, which has been correlated with severity of mucositis 28 and pain did not return to pretreatment levels at 6 months. 29 Similar findings were reported in our initial study where patients were assessed following head and neck radiation therapy. 28 Xerostomia, dysphagia and change in taste following radiation therapy were the primary complaints of patients in both studies. 28, 29 In the current study of patients at day 90-100 post-HCT, the greatest changes in QOL were seen to be the impact upon physical, emotional, cognitive, and social function. Global health status, and fatigue were reported over a broad range, with an overall moderate impact and financial difficulties were also noted. Fatigue was found to have the greatest impact upon QOL in our study. Gastrointestinal symptoms had limited impact upon QOL. Therefore, the findings in this study at day 90-100 post-transplant reflect the literature where QOL is impacted in a range of areas, and influences daily living that persist at day 90-100.
We found limited reported impact of oral function scales on QOL at day 90-100 post-HCT. Approximately 20% of patients reported moderate to severe change in taste at the time of the survey. More patients reported reduced intensity of taste, abnormal tastes and change in smell with increased smell sensitivity. This increase in smell sensitivity may explain the response of some inpatients to food odors.
Prior studies of taste in transplant patients showed taste change, particularly related to salt threshold. 15, 17, 23 In one study, thresholds were assessed for the four tastes using the up-down staircase method in 11 children undergoing HCT compared with 20 healthy children. 17 No differences were seen on admission between HCT and control patients. Only minor changes were noted, with salt threshold increased by day 2 post-HCT. 17 Interestingly, these authors note that taste changes identified did not account for reported taste change. A retrospective taste study was conducted in 15 allo-HCT patients a mean of 30.6 Ϯ 15.8 months post-HCY, 23 compared to eight auto-HCT patients a mean of 24.12 Ϯ 12.18 months and 20 consecutive normal subjects by threshold taste testing. 23 In allo patients, hypogeusia to salt (P = 0.0002) and sour (P = 0.001), but no difference in sweet or bitter were seen. Auto recipients showed reduction in bitter threshold (NS). Late and selective differences in taste were also seen and were not necessarily related to chronic oral GVHD. 23 A study by Mattsson et al 15 evaluated 10 patients who experienced taste changes during the aplastic phase of HCT compared with 10 control subjects. The threshold for salt was most profoundly affected. Taste recovered by 1 year post-HCT in 80% of patients.
The combinations of factors assessed in the taste/smell addendum in the current study, should be interpreted with caution as the results excluded patients with missing responses. Taste changes appeared to have recovered in large degree by day 90-100, although change in taste was variable with some patients having increased and others reduced taste sensitivity. Similar changes were noted between various parameters of taste, with essentially consistent changes in all tastes, whether this be increased or decreased. Females appeared to have greater reported taste abnormalities following transplant than males.
In a prior study we demonstrated content and face validity of the EORTC QLQ-C30 with the oral addendum. 28 In a subsequent study we evaluated consecutive patients during and following radiation therapy and found that the survey tool with oral addendum was responsive to change over treatment. Furthermore, it was apparent that the oral complications observed did contribute to the overall QOL as assessed in the EORTCQLQ-C30. 29 This study is the first to use the QLQ-C30 with an oral, taste and smell addendum in patients following HCT. Impacts on QOL continue at day 90-100, although taste improvements were reported over time following HCT which is consistent with recovery of taste and smell receptors, 21 as reported by Matteson et al, 15 and with improvement in hyposalivation that is often seen by day 90-100. This survey tool will allow for the follow-up of transplant patients so that impact on and recovery of taste may be assessed from the patient's perspective.
The EORTC oral quality of life survey with oral and taste and smell addendum provide data on oral symptoms and function following cancer therapy. Continuing research is needed to develop an understanding of the nature, frequency, severity and duration of taste and smell alterations and their significance in the quality of life of cancer patients. The literature yields little information on the impact of taste and smell abnormalities, although those active in patient care are frequently confronted with these complaints from patients. In addition to quality of life, the ability to maintain weight and to resume and maintain oral intake may have a significant impact on the outcome of therapy and QOL. Advances in non-oral feeding including tube feeding and total parenteral nutrition have enhanced the ability to treat patients through extended periods without oral intake, but do contribute to the cost of care. A more thorough understanding of taste complaints and possible interventions may impact upon the outcome of cancer therapy and improve the quality of life of these patients.
